We reinvestigated by microwave Fourier transform spectroscopy the rotational spectra of the axial and equatorial isotopomers of piperidine and N-deutero piperidine. The rotational, centrifugal, and nitrogen quadrupole coupling constants were improved, the deuterium quadrupole coupling constants were determined. The principal coupling tensor elements for nitrogen were estimated. N itro g e n a n d D e u te riu m H y p e rfin e S tr u c tu r e in th e R o ta tio n a l S p e c tru m o f P ip e rid in e
Introduction
Since 1965 the microwave spectrum of piperidine, C5H 10N -H , was investigated by several authors. Parkin, Buckley, and Costain are the authors of the last publication [1] , The molecule was observed in its chair form. The normal and the N-deuterated isotopomer were assigned in their axial and equatorial conformers.
As the resolution was increased by microwave Fourier transform (MWFT) spectroscopy [2] we re investigated the spectra with the main aim, to improve the accuracy of the 14N nuclear coupling constants and to determine the deuterium nuclear quadrupole coupling. In the course of our work the centrifugal distortion constants could be improved.
Experimental
We used commercially available piperidine. The deuterated isotopomer was prepared as follows: In a separatory funnel 4 ml of a 40% sodium deuterooxide (NaOD) solution in D ,0 (99 atom% D) were mixed w ith 1 ml of piperidine. After a few minutes of manual shaking the two phases were separated. The upper phase containing the deuterated substance was good enough to be used without further purification.
We used our MWFT spectrometers in G-(4-6 GHz) [3] , J-(5.3-8 GHz) [4] , and X-band (8-12.4 GHz) [5] , The spectra were recorded at temperatures around -50 C and pressures between 0.5 and 5 mTorr (0.1 to 0.7 Pa). The results are given in Tables 1 to 4 inate overlap effects the frequencies of the multiplet components were determined by a least square fit of the time domain signal [6] . Part of the measurements are given in Tables 1 and 4 *.
Analysis
The hfs splittings of the normal isotopomers (com plete list) were analyzed by diagonalizing the hamil tonian matrix neglecting matrix elements nondiagonal in the quantum number J (programme SUZIQS [7] ). For the deuterated species first order theory with the coupling scheme Fy= J + I v and F = Fy+ I 2 was used [8] (programme Q2FIT/Q2SIM [9] ). The results are given in Table 5 together with the rotational and centrifugal distortion constants according to Watson's S reduction for the IIP representation in fourth order [10] . For the centrifugal distortion analysis (pro gramme ZFAP4 [11] ) the hypothetical center fre quency v0 of each transition measured in this work was used, which was calculated in course of the hfs analysis by the programme SUZIQS [7] for both isotopomers. We supplemented our measurements for the centrifugal distortion analysis by those reported in Tables II to V of [1] . Their quadrupole correction vquad was applied. Because of the lower accuracy of the Stark measurements those transitions have not been used, that do not agree with the calculated frequencies within the tripled value of the standard deviation. We were able to fit the rotational and five centrifugal distortion constants with acceptable correlation. For Table 6 .
One may notice that the quadrupole coupling con stants / bb(N) of the two axial isotopomers agree within the standard errors. This behavior is shown also by the equatorial species as these constants should not be influenced by the rotation in the inertial axes system induced by deuteration. The coupling constants yhh(N) of the axial and equatorial confor mation differ slightly. In general we improved the accu racy of the quadrupole coupling constants z09(N) at least by a factor of ten. The quadrupole coupling con stants of the deuterated species are not reported in the literature.
The deuteration of the proton bond to the nitrogen induces a noticeable rotation in the inertia axes sys tem of piperidine axial. Unfortunately the precise structure of piperidine is not known. The angle of Tabic 2. Part of measured transitions of piperidine D axial. Experimental frequencies of a component vobs, hfs splitting with respect to the strongest hfs component X vhfS -vobs -vobS' deviation of the hfs analysis <>^vcalc_obs, hypothetical unsplit line v0, deviation of the centrifugal distortion anaylsis 8vca,c_obs. m rotation can only be estimated. We assumed that the structure of piperidine is similar to that of cyclohexane [12] , r(C -C )= 1.535 Ä, r(C -H )= 1.102 Ä, £CCC = 111.4°, * HCH = 110°. and the N -H bond coincides with a C -H bond. For the axial form we get an angle Acp = 1.3°, for the equatorial form Acp = 0.2\ By transformation [13] we determined the components of the coupling tensor in its principal axes system for the axial conformer: Z_=1.74, zvv = zbfc = 2.8013(18), Zzz= -4.55 MHz. The z axis has an angle <p = 21.8° with the inertia a axis, the y axis is parallel to the inertia b axis. For yac -2.17 MHz results. As the structural data are estimated, these values are also an estimate. We hesi tate to give error limits.
General
In Table 7 we compare the 14N-hfs data for the molecules piperidine, pyrrolidine [14] , and morpho line [15] in axial and equatorial conformation for the normal and N-deuterated isotopomeres.
Independently from a precise knowledge of the structure it may be stated, that the ybb values agree within 2.775 + 0.030 MHz. This is similar to the yaa = 3.04(20) MHz [16] of dimethylamine. The a axis in this molecule corresponds to the b axis in the above molecules.
It may be noticed from Table 7 that the yxx and yzz values of piperidine axial and pyrrolidine axial do not agree well. As the deuteration changes the position of the molecule in the inertia axes system only by a few degrees, and as the structure is only an estimate the errors of yxx and yzz may be estimated to +500 kHz. So we prefer the comparison of the ybb values and may state that the bonding situation in all three investi gated secondary amines is similar. Tabic 4. Part of measured transitions of piperidine D equatorial (see Table 2 ). 
